Human and animal studies indicate that reward function is modulated by the circadian clock that governs our daily sleep/wake rhythm. For example, a robust circadian rhythm exists in positive affect, which is lower in the morning hours and peaks in the afternoon. A handful of functional neuroimaging studies suggest that systematic diurnal variation exists in brain activity related to other functions, but no published human studies have examined daily variation in the neural processing of reward. In the present study, we attempt to advance this literature by using functional neuroimaging methods to examine time-of-day changes in the responsivity of the reward circuit. Using a within-person design and a functional magnetic resonance imaging (fMRI) monetary reward task, we compared morning and afternoon reward-related brain activation in a sample of healthy young adults within 24 h. Region of interest analyses focused on the striatum, and we hypothesized greater reward activation in the afternoon, concordant with the circadian peak in positive affect. Results were consistent with our hypothesis. In addition, we counterbalanced the order of morning and afternoon scans in order to explore the short-term stability of the neural response. Whole-brain analyses showed a markedly higher reactivity to reward throughout the brain in the first scan relative to the second scan, consistent with habituation to the monetary reward stimuli. However, these effects did not appear to explain the timeof-day findings. In summary, we report the first preliminary evidence of circadian variation in the neural processing of reward. These findings have both methodological and theoretical implications.
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Introduction
Human and animal studies indicate that reward function is modulated by the circadian clock that governs our daily sleep/ wake rhythm. Both positive affect, an experiential phenomenon related to activation of the reward system, and psychophysiologically assessed reward activation show clear 24-h rhythms, and these rhythms vary according to circadian timing (Boivin et al., 1997; Murray et al., 2009) . The pattern of these rhythms-levels are lowest close to wake-up time, then rise to a peak in the late afternoon or evening before beginning to fall-roughly parallels the core body temperature rhythm. Furthermore, these rhythms are paralleled by the diurnal patterns of reward-related behaviors (e.g., socializing and alcohol consumption) (Arfken, 1988; Hasler et al., 2008) . Rodent studies also support the circadian modulation of reward-related behavior and its underlying physiology within the reward circuit. Drug-seeking behavior, responsiveness to drugs of abuse, expression of the dopamine transporter, and the expression of circadian genes throughout the mesolimbic dopaminergic pathway all show 24-hour rhythms (Sleipness et al., 2007; Webb et al., 2009 ). However, no published human studies have examined daily variation in the neural processing of reward.
A handful of functional neuroimaging studies suggest that systematic diurnal variation exists in brain activity related to other functions, including time-of-day variations in the activity of the motor cortex (Tamm et al., 2009; Peres et al., 2011) , in hypothalamic and brainstem activation related to maintaining attention (Schmidt et al., 2009) , and in brain reactivity to cognitive interference (Schmidt et al., 2012) . In addition, several studies have compared brain glucose metabolism during morning and evening wakefulness in healthy adults, adults with major depression, and adults with primary insomnia (Buysse et al., 2004; Germain et al., 2007; Hasler et al., 2012) . In all three studies, distinct diurnal patterns of relative glucose metabolism emerged in regions relevant to reward function, including the medial prefrontal cortex, anterior cingulate cortex, and striatum. Notably, increased evening activity within striatal regions associated with reward processing was a common thread across all three studies.
In the present pilot study, we take the first step in attempting to advance this literature by using functional neuroimaging methods to examine time-of-day changes in the responsivity of 
